ABSTRACT
INTRODUCTION
Hydroxyapatite (HAp) is a biocompatible material that forms most of bones and teeth mass. In addition, it has been proposed to play a significant role in the origin and evolution of life 1, 2 due to its ability to bind bioactive biomolecules, such as nucleic acids in the case of hydroxyolites. 2, 3 Biological HAp shows a different composition than that synthesized in the laboratory, [Ca 10 (PO 4 ) 6 (OH) 2 ], since it may contain other molecules and elements. 4 Among the latter ones, the presence of Mg 2+ in biological HAp replacing Ca 2+ plays a key role in different biological aspects of the mineral, like bone homeostasis metabolism stimulating osteogenesis 5 and enhancement of material resistance to mechanical stress. 6 Those effects are attributed to the sole presence of Mg 2+ , even though the incorporation of such ion to the mineral was predicted to be limited in the percentage of Ca 2+ mass replaced 7 and selective in terms of inclusion zone. 7, 8 More specifically, Mg 2+ preferentially replaces OH --coordinated Ca 2+ atoms in the surface and sub-surface areas of the mineral. 7, 8 Little is known about the true influence of the position replacement by Mg 2+ and the mechanism by which it modulates the interaction of the mineral with the surrounding environment. This is expected to be strongly affected by the intimate interaction between the surface of the mineral and the different biomolecules at the mineral/medium interphase. The most stable surface of HAp is the basal plane (0001) of the hexagonal cell in which the columns of hydroxide alternate between all up and all down arrangements, thus changing the symmetry group from P6 3 /m to P6 3 . 5 This plane has been proved to be the most active during the biomineralization process 9 and it is favorable for the establishment of attractive electrostatic interactions (i.e exothermic)
with charged groups of biomacromolecules like DNA 10 and RNA. 11 Thus, nucleic acids fit themselves into the surface pattern. The inherent flexibility of these charged 4 biomacromolecules is mainly due to the torsional rotation around chemical bonds, the sugar moiety of nucleic acids playing a crucial role for this purpose.
The sugar in nucleic acids can be the cyclic D-ribose and 2-deoxy-D-ribose for RNA and DNA respectively. Furthermore, D-ribose was identified as a sugar product in several experiments reproducing the synthesis of organic components in the primitive earth environment. 12 This feature enables the possibility of primitive nucleic acid synthesis from their unit components: phosphate, cyclic pentose and nitrogenous base.
This synthetic process is expected that took place on an immobilizing support, like mineral HAp. Once formed, the influence of cyclic sugars on the conformational properties of nucleic acids has been widely studied highlighting the consequences of their functionalization in fields such as expression modulation 13 and structural stabilization. 14 Consequently, the intimate interaction between the furanose ring of the sugars and the HAp surface may have severe consequences not only for the 3D structure of nucleic acids during the adsorption 10 and biomineralization 3 processes, but it might be also important for understanding the initial steps towards the abiotic synthesis of nucleic acids.
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Our previous work was focused on the embedding of β-D-ribofuranose 5-phosphate into HAp mineral. 11 The latter significantly altered the conformational preferences of the ring puckering by sequestering the minimum towards 3 T 2 and reducing the conformational variability observed for standalone β-D-ribofuranose 5-phosphate and β-D-ribofuranose itself. 11 However, there is no clear view of the conformational behavior of D-ribose when it is adsorbed on the most stable facet of HAp, as there is no evidence of the conformational changes in the ring puckering and their relationship with nucleic acids structure. 
MOLECULAR MODEL FOR THE MINERAL
The hexagonal HAp crystal unit cell 15 with P6 3 /m geometry (a = b = 9.421 Å, c = 6.881 Å, α= β= 90°, and γ= 120°) and the 4e Wyckoff position occupied by two hydroxyl ions, each with 1/2 occupancy, and group symmetry P6 3 was generated. The (0001) facet was built from the latter structure by considering a 2020 supercell reconstruction with a mineral thickness in the z direction corresponding to 10 unit cells (i.e. >20 Å). This system, which corresponds to the Ca-HAp, model is displayed in ions by Mg 2+ up to 2.5% w/w HAp, as it was reported in our previous work.
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METHODS
The conformational exploration of the initially relaxed D-ribose was carried out were performed using the NAMD software package. 16 Accordingly, the total simulation time was 600 ns for each simulated system. The potential energy was computed using the Amber force-field. 17 Force-field parameters for D-ribose (with exception of electrostatic charges), OH -and
PO groups were extracted from Amber ff03. 18 Electrostatic charges for D-ribose were calculated for the minimal energy structures described in our previous work 11 using the Restrained Electrostatic Potential (RESP) method, 19, 20 and Boltzmann averaged. Force-field parameters for Ca 2+ and Mg 2+ were taken from Bradbrook et al. 21 and Allner et al., 22 respectively. It should be noted that ff03 force-field parameters, which are identical to the ff99-SB 23 ones for nucleic acids, are able to reproduce the inorganic···organic interactions in biominerals, as was recently proved. 24 In order to facilitate the random walk of the sugar ring over the mineral surface without causing temperature mediated desorption, artificial non-bonding parameters were assigned to the mineral atoms during the heating up runs. More specifically, these artificial parameters consisted in: i) neutral charge; and ii) a reduction (10 %) of the van der Waals depth well (ε). The mineral was kept frozen at its original crystallographic positions during the whole search process, no previous ab initio optimization being carried out. This decision was taken on the basis of the following features: 1) the (0001) is most stable surface of HAp and previous theoretical studies 25 evidence a very significant agreement between ab initio and crystallographic coordinates; and 2) the conformational search has been carried out using classical MD and, therefore, the combination of force field data with experimental coordinates is apparently more reliable than with ab initio coordinates.
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In all cases, the Berendsen thermostat was used. 26 The selected time step was 1 fs and electrostatic and van der Waals non-bonding interactions were explored within a cutoff radius of 50 Å. Trajectory snapshots were extracted each 100 ps from the productive trajectories, thus rendering a total of 5000 structures for analysis of each mineral. According to Altona et al., 27, 28 the conformational preferences of D-ribose were examined considering the ring puckering amplitude, τ m , and phase angle, P, of the furanose ring. Both P and  m are defined by endocyclic torsion angles, as is llustrated in interactions between atoms belonging to the same component were omitted). In aqueous environment a continuum medium was imposed to reproduce the electrostatic effects of water following a Generalized Born model.
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RESULTS AND DISCUSSION
The role played by the conformational preferences of D-ribose in nucleic acids structure is almost entirely determined by the puckering of the furanose ring. Thus, careful inspection of ring puckering of HAp-adsorbed D-ribose is compulsory to ascertain the effects of adsorption on the sugar ring and concomitantly on the nucleic acid. Figure 3 shows the pseudorotational wheel for the three considered systems. For a given snapshot, P defines the part of the ring that is most puckered while τ m indicates the extension of such puckering. The pseudorotation cycles depicted in In general, results obtained using the implicit aqueous environment are very similar in terms of accumulation plots to those displayed in Figure 3 and, therefore, have not been represented. However, due to changes in the stability of the most favored modes, especially for Mg-HAp and Ca/Mg-HAp, aqueous solution structures with relative interaction energies lower than 10 kcal/mol (blue squares) have been included in Figure   3 . As it can be seen, the most stable puckering obtained onto Ca-HAp is at the W region for both gas-phase and aqueous environment (P/ m = 280º/54º and 268º/35º, respectively). In contrast, the lowest interaction mode onto Mg-HAp changes from the E region in the gas-phase (P/ m = 106º/53º) to the opposite W region in aqueous solution (P/ m = 261º/38º). Changes are even more important onto the Ca/Mg-HAp mineral: the lowest interaction changes from the NW region (P/ m = 310º/43º) in the gas-phase to the SE one in aqueous solution (P/ m = 129º/31º). In addition, the number of favorable interaction modes significantly decreases in the latter environment.
In a recent study we calculated the pseudorotational puckering of β-D-ribofuranose and β-D-ribofuranose 5-phosphate in the gas-phase and of the latter anchored to a CaHAp mineral using Density Functional Theory (DFT) calculations. 11 The lowest energy puckering of β-D-ribofuranose in the gas-phase corresponded to the C2-exo-C3-endo ( 3 T 2 at P= 0º, N region) while the C1-exo-C2-endo ( 2 T 1 at P= 140º, SE region) and the C4-endo ( 4 E at P= 234º, SW region) were identified as secondary minima. The stability of such three minima ( 3 T 2 , 2 T 1 and 4 E) was found to be approximately the same for β-Dribofuranose 5-phosphate in the gas-phase. 11 It is worth noting that results presented in Figure 3 indicates that, the SW region is the most abundant when the sugar is adsorbed onto a HAp (0001) facet, independently of the Ca 2+ by Mg 2+ substitution. Accordingly, our current MD simulations reflect a selective enrichment of the minima detected by DFT calculations.
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The most sounding comparison is between the puckering predicted in this work for the adsorbed D-ribose onto Ca-HAp and the minima calculated for β-D-ribofuranose 5-phosphate embedded into Ca-HAp. For the latter case, the global minimum was identified at P= 0º, the same that for the free standing sugar, while a secondary higher energy structure was found at P= 180º. 11 Comparison of those results with the accumulated data of our simulations (Figure 3 
